With changing learner characteristics and learning environments, the teaching of rheumatology has been required to evolve. The importance of competency with managing rheumatologic disorders and education theories on which rheumatology curriculums are based on are discussed. Past, present and possible future rheumatology curriculums are reviewed. The way in which the key components of a successful programme are applied is illustrated with a discussion of the Singapore General Hospital (SGH) Department of Rheumatology and Immunology (RHI) curriculum.
INtRODUctION
The learners of today generally have a deeper level of critical thinking and have more educational resources available to them compared to a decade or two ago. Characteristics of today's learners are as follows: (i) they prefer multi-linked information coming from many sources and are multi-taskers; (ii) they are highly visual learners, preferring to process pictures and sounds rather than text; (iii) they are experiential learners who learn by discovery rather than being 'told' . They like to interact with content to explore and draw their own conclusions. Simulations, games, and role playing are used for learning and (iv) they have short attention spans and therefore prefer small packets of information (for example, on a personal computer, smartphone or tablet computer) 1, 2 . In order to capitalise on these and to meet their learning needs with the aim of optimising their future clinical acumen as residents and specialists, medical education has evolved significantly.
We will review the basis of teaching rheumatology by initially discussing time-tested education theories and then more recent pedagogic methods. This will be followed by reviewing what has been done in the past, what is being done at present, and what we intend to do in the future with regards to teaching rheumatology.
tHE NEED tO tEAcH RHEUMAtOLOGY ADEQUAtELY
The importance of teaching rheumatology adequately is evident. Musculoskeletal (MSK) disorders are common causes of severe chronic pain and disability. The impact of rheumatologic disorders on healthcare costs, psychosocial status of patients and their families are substantial. At any one time, about 30% of adults in the United States (US) are affected by arthritis or limitation of movement 3 . Approximately 40% of patients with MSK conditions are limited in their activities of daily living. MSK conditions are the most common causes of health problems limiting work in developed countries. They represent the second most common reason for consulting a doctor and account for about 10-20% of primary care practice 4, 5 . In the US, MSK conditions account for 28% of disability compensation schemes and 2.5% of gross domestic product 6 . Despite the high prevalence of rheumatic disorders and significant burden on patients and resources, education in rheumatology has been underdeveloped in most universities worldwide 7 . This realisation has prompted many medical schools to improve the way in which rheumatology is taught.
Review
Proceedings of Singapore Healthcare  Volume 22  Number 1  2013 EstAbLIsHED EDUcAtION tHEORIEs Vygotsky, Kolb, and Lave and Wenger had formulated psychology theories of learning based on previous work and their own findings on behavioural and cognitive characteristics. Many medical school curriculums are directly or indirectly associated with their theories. Despite the new generation of learners having different learning characteristics, the following established education theories still hold true until today. Although these learning theories came about independently, the common themes are the emphasis on intellectual stimulation with self-directed learning and the prime importance of interaction between the learner with his peers and teachers. We briefly describe the theories.
'Social constructivism' was described by Vygotsky in which learners construct their own thinking based on what they already know, and determine when and how to modify their knowledge. It also describes that social interaction plays a fundamental role in the development of understanding and meaning. The range of cognitive skills developed with guidance or peer collaboration exceeds what can be learnt alone 8 .
'Experiential learning' theory by Kolb 9 and the concept of 'Community of practice' by Lave and Wenger 10 are models of learning that have remained mainstays of medical education over time and until this day. Kolb describes the way in which the learners learn from experience through four steps, as follows ( Fig. 1 ): (i) the learner has a concrete experience; (ii) the learner observes and reflects on the experience; (iii) the learner forms abstract concepts about the experience and (iv) the learner tests the concepts in new situations and are modified through feedback. Experiential learning may begin at any of the four steps. Each step allows the learner to reflect and form new principles to guide future situations.
Community of practice is a persistent, sustaining social network of people who share and develop an overlapping knowledge base and focuses on common practice. Communities of practice have gained their prominence primarily as vehicles for knowledge translation, which relies on meaningful exchanges among network members. The advent of internet technology has enabled discussions to occur in a timely manner among participants regardless of physical location.
Principles of adult learning that emerge from the theories mentioned above form the basis of rheumatology curriculum design and are as follows: (i) learning is an active process whereby learners determine when and how to modify their knowledge; (ii) emphasis is on the developing of their own understanding through self-directed learning; (iii) learners should be encouraged to seek easily available guidance for complex tasks; (iv) learners should aim to complete the full experiential learning cycle; (v) learners should be given opportunities and support for practice with self-assessment and constructive feedback from their learning community that includes peers and faculty and (vi) learning should be closely related to the understanding and solution of real-world problems.
The theories described above form a large part of rheumatology teaching in that the emphasis on curriculums should be based on interaction with peers, senior medical staff, allied health, and selfdirected learning. The faculty facilitates the learning process through small and large group teaching as well as bedside clinical teaching. Faculty serve as role models of knowledge and professionalism to inspire students.
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RHEUMAtOLOGY cURRIcULUMs The Teaching of Rheumatology in Past Medical School Curriculums
Curriculums for teaching rheumatology in the past, especially prior to 1990, consisted of mainly didactic lectures and clinical teaching in the ward. A study by Kay et al of 26 medical schools in the United Kingdom in 1999 11 , showed that while the majority of medical schools included rheumatology clinical teaching in the curriculum for all their students, up to about 50% of the students in five schools received no clinical rheumatology teaching whatsoever. In some medical schools, rheumatology was found to be an elective rather than a core component in some schools. Rheumatology was generally taught in conjunction with other specialties, usually orthopaedic surgery, whereas in other schools, rheumatology was taught with general medicine and rehabilitation medicine.
Curriculums were found to be inconsistent with their emphasis with teaching rheumatology. In some schools, there was a lack of clearly agreed upon syllabus and subject overlaps occurred frequently.
Assessments were usually in the form of multiple choice questions (MCQ) and written examinations. Clinical skills were tested using traditional short and long case examinations. However, not all schools tested students on their rheumatology clinical skills. Only a minority of schools had the rheumatology examination counted toward the final degree.
Present Rheumatology Curriculums
Over the past two decades, medical education in general including the teaching of rheumatology, has undergone a paradigm shift and has become recognised as required to be a lifelong process 12, 13 . Learners would need to acquire learning skills that will take them from their undergraduate experience, through to their general training and specialist training. Another theme is the shift from a teacher-centred approach, where the emphasis is on the teachers and what they do, to a learnercentred approach, where the emphasis is on what the students learn 14 . This is achieved by the replacement of the traditional didactic teacher by a 'learning facilitator' and traditional didactic teaching methods are replaced by interactive teaching in smaller groups. Current curriculum designs to teach rheumatology recommend the introduction of student-selected modules and to use more additional teaching sites, including general practice if applicable 15 .
Learner-centred teaching and self-directed learning (SDL) are most effective in small groups 16 .
The principles of SDL are that the student defines their own learning needs, sets their own objectives, identifies necessary resources to enhance learning and then is able to evaluate the outcome. Learnercentred teaching and SDL method of teaching stimulates adult-type learning characteristics of deep learning and develops the learners' reasoning and problem-solving skills, a necessary quality for clinicians to excel. The most common example of learner-centred teaching methods is 'Problembased learning' (PBL), in which learning is centred around clinical problems 17, 18 . Although there is some evidence that PBL reduces acquisition of basic science knowledge, it promotes several key features of learning. They are deep learning, enhancing self-directed skills, provision of a more stimulating and safe learning environment free of intimidation and ridicule. PBL also improves interaction between students and staff.
Another example of learner-centred teaching methods is 'Portfolio-based learning' .
Portfolio-based learning encourages 'reflective practice' , a term used to describe the process of internally examining and exploring experiences. A common portfolio in medical education is the log book. This method of learning requires intensive supervision by the teacher to discuss with the learner the learning objectives and to monitor their progress 19 .
While didactic lectures have had bad press because there is good evidence to show that learners remember very little ( One of the methods of standardising the teaching of clinical skills is the development of centres that are purpose built areas. They are designed to enhance the teaching of clinical skills in a safe environment for the learner. They have access to databases of real and simulated patients who can be invited for teaching 20 . Ideally, the centre would have facilities to simulate a ward or other clinical environments. Computer facilities should be available with internet access as well as updated CD-ROMS for interactive learning 21, 22 . Manikins and models that are more life-like enable a student to practice a skill, such as joint examination and joint injection.
Assessment drives learning and is an important component of a curriculum. It should carefully match the teaching that occurs. End of rheumatology rotation assessments to test mainly theoretical knowledge is discouraged because students would spend a large proportion of their time on learning facts that involves mainly superficial (rote) learning. Instead, combining MCQs with Objective Structured Clinical Examinations (OSCE) is a reliable and valid measure of a student's performance. OSCE encourages students to spend more time learning patient interaction and allows their clinical skills to be directly observed 23 .
Curriculum Design for Teaching Rheumatology in Singapore General Hospital
In the Department of Rheumatology and Immunology (RHI) at Singapore General Hospital (SGH), we base our educational programmes on time-tested learning theories while incorporating newer teaching methods, as reviewed above. Learner-centred teaching in small groups is applied to in-patient bedside clinical teaching, PBL-type tutorials and outpatient clinic teaching at the new Autoimmunity and Rheumatology Centre (ARC fellows in-training (non-Rheumatology). Previously, the clinics were an integral part of clinical services and the learners often attend to a high volume of outpatients, with consultations with the Attending Rheumatologist commonly occurring at a later time. The Attending Rheumatologists would assign a variety of cases with good clinical signs and learning points for the learners to clerk and upon completion of the consult, to propose a management plan for joint discussion with the Attending Rheumatologist. This method of learning allows the learners to seek clarification regarding the patients' clinical signs and symptoms and management plan from the Attending Rheumatologist on the spot. There would also be an opportunity for the Attending to assign the same patient to the same learner at the patients' next follow-up for continuity of care.
At the post-graduate level, the curriculum for the internal medicine residency and senior rheumatology residency levels has evolved to a more structured training framework, modelled after established standards advised by ACGME-I. The curriculum emphasised on continuous formative assessment and is designed for quality residency training by a highly dedicated core faculty, with standard training requirements based on a set of core competencies in patient care, medical knowledge, practice-based learning, communication skills, professionalism and systembased practice. This programme ensures protected time for the senior residents to participate in dedicated teaching sessions at the national and departmental levels. Senior residents in the Rheumatology training programme will be required to successfully complete an exit examination conducted yearly by the Residency Advisory Committee. The senior residency programme is still in the infancy but the transition to this new curriculum is expected to progress smoothly. 
Possible Future Rheumatology Curriculums
Web-based teaching will become integral to future rheumatology curriculums. 'Blended learning' is an increasingly prevalent term often used to describe the integration of web-based technologies and face-to-face teaching 27 . Some possible advantages of this approach include a better learning experience for the technology savvy generation, more consistent content delivery and greater flexibility, for learners as well as teaching faculty 28 . Web-based methods of delivery of teaching modules include smartphone and tablet applications, podcasts, brief interactive teaching modules lasting between 10 and 15 minutes and VAP. Assessment by using MCQs and EMQs can be carried out online.
The key aims of future rheumatology curriculums would be as follows: (i) learners would develop background knowledge via resources provided in the blended learning environment, prior to attending PBLs; (ii) learners develop the ability to recognise background knowledge in relation to managing clinical problems through attending PBL sessions and (iii) application of knowledge to practical contexts that reflect medical practice through PBL.
Overall, we need to determine the effectiveness of our rheumatology curriculum in producing good internists and rheumatologists. However, this is challenging because choosing the outcome to be measured that is reflective of the skills of a good doctor is not straightforward. As a start, for future quantitative analyses of the rheumatology rotation at SGH, we may plan to implement pre-and postrotation assessments with Mini Clinical Evaluation Exercise and standardised student feedback forms to obtain further objective evaluation of the effectiveness of the Rheumatology component of the MSK curriculum. Rheumatology review courses for final-year medical school students and residents preparing for MRCP PACES will involve OSCE, clinical skills stations and PBL.
cONcLUsION
Formulation of rheumatology curriculums that engage learners and optimise clinical acumen requires the necessary time, manpower and expertise to carefully plan and implement the best possible teaching. Whilst the teaching of rheumatology has evolved and improved over the past few decades, the curriculum should be regularly reviewed by means of objective student feedback and questionnaires. Faculty should be required to be up-to-date with the latest pedagogic methods with regular medical education conference and course participation. Assessment by means of MCQs, EMQs, and OSCE are a measurement of learner performance. Better knowledge retention, skills focused on application rather than rote-learning, and increasing the level of professionalism would hopefully produce better doctors. However, the assessment of whether good performance in medical school will translate to better doctors who can adequately manage rheumatologic disorders in the real world has always been a challenge in the world of medical education.
